Ovarian cancer (OC) is often diagnosed at an advanced stage with two thirds of patients experiencing recurrent disease with a poor prognosis. Adoptive cell therapy (ACT) with tumor-infiltrating lymphocytes (TIL) has shown curative potential in malignant melanoma, but has only been investigated scarcely in other cancers. In this pilot study, we tested TIL based ACT in patients with metastatic OC.
Introduction
In 2012, approximately 250,000 women were diagnosed with ovarian cancer (OC) with 150,000 estimated deaths worldwide 1 . OC is often diagnosed at an advanced stage 2 and more than two thirds of these patients will develop recurrent disease 3 with a poor prognosis 3, 4 .
Platinum-based chemotherapy is the standard of care 4 , but new and improved treatment options are highly wanted.
The presence of intratumoral T cells in patients with OC has been associated with improved overall survival (OS) and progression-free survival (PFS) 5 . Thus, strengthening natural T-cell responses might represent a successful therapeutic option in OC. Adoptive cell therapy (ACT) with tumor infiltrating lymphocytes (TIL) is based on an infusion of autologous T cells obtained from the tumor microenvironment of the individual patient. These T cells are expanded and activated in vitro before reinfusion 6 . This treatment has shown remarkable results in patients with malignant melanoma with objective response rates ranging from 40-70 % and up to 20 % durable complete responses [7] [8] [9] [10] [11] . Promising results are reported in epithelial cancers 12, 13 . In OC, TIL based ACT has previously been tested with limited success 14, 15 , but the protocols used for expansion of TIL have been extensively changed and optimized over the last decades. At our center we have recently successfully expanded TIL with antitumor reactivity from OC 16 .
Here we report the clinical and immunological results of a pilot study investigating TIL based ACT in metastatic OC.
Results

Patient characteristics
Eleven patients were enrolled in the study. Five patients did not receive treatment due to: benign surgical biopsy for TIL production (n =1); unsuccessful TIL expansion (n = 1); clinical deterioration (n = 3). Table 1 summarizes characteristics of treated patient. Untreated patients are described in the supplementary data. Six patients were treated between October 2015 and November 2016. They were 50-65 years old (median 59 years) with CA-125 levels ranging from 10-4320 kU/L (median 214) and FIGO stage IIIc (n = 4) and IV (n = 2) disease, and had received two to six prior treatment regimens (median three).
TIL characteristics
Young TIL (YT) expansion was successful in nine of ten patients. Table 2 summarizes treated patients' TIL characteristics. Data from untreated patients are described in the supplementary data. YT culture generation took a median of 25 days (range 10-33). The rapid expansion protocol (REP) led to a median expansion fold of 2810 (range 890-4560) with median percentage of CD3+ cells increasing from 89.9% (range 56.7-97) in YT to 98.3% (range 95. 5-99.4) in the infusion product (INF PROD). A small increase in CD4+ cells (from median 55.5% to 58.3%) and CD8+ cells (from median 35.5% to 37.4%) was seen, but with considerable interpatient variation (largest median CD4+ cell variation 17.8% and largest median CD8+ cell variation 24.4%). The total number of cells in the final INF PROD was median 56.2x10^9 cells (range 17.8-91.2x10^9 cells).
Treatment and Toxicity
Timeline It lasted a median of 64 days (range 54-76) from inclusion until infusion of TIL; median 21 days (range 7-29) from inclusion until surgery and a median TIL expansion period of 39 days (range 24-47).
Surgery
Eleven patients underwent surgery. Of the 6 patients treated, four had an intraabdominal lesion removed either by explorative laparotomy (n = 3) or laparoscopic procedure (n =1), while two had an accessible lymph node (LN) removed from the left axillary region (in local anesthesia) and right groin, respectively.
Leukapheresis
For the treated patients, duration of hospitalization for leukapheresis ranged from two to nine days with the procedure performed for up to two consecutive days. Two patients received increased granulocyte colony stimulating factor (G-CSF) dosages to obtain a sufficient number of stem cells, which was possible in five of six patients. Common adverse reactions observed in relation to G-CSF were headache (n = 3), myalgia (n = 2) and arthralgia (n = 2).
T-cell therapy
The median duration of hospitalization was 20 days (range 18-28). Treatment characteristics, treatment related grade 3-4 adverse events (AEs) and serious adverse events (SAEs) are listed in table 3. Lymphodepleting chemotherapy was administered without the occurrence of unexpected toxicities. All patients experienced expected grade 3-4 electrolyte derangements and expected hematologic toxicities requiring transfusions. All patients recovered without the need of stem cell support. Expected leukopenia was observed in all patients within a few days prior to TIL administration. Four of six patients were treated with antibiotics from before or during lymphodepleting chemotherapy. Two patients experienced known and expected lowgrade reversible adverse events in relation to TIL infusion. These were chills (n = 2) and a minor rise in temperature to 38.7 ˚C (n =1). IL-2 infusion was generally well tolerated. Three of six patients received 100% of the planned IL-2 dose (median 97%, range 61-100). All patients experienced a rise in temperature during IL-2 and were treated with antibiotics according to local guidelines for neutropenic fever. One patient experienced a rise in temperature close to 41 ˚C and later dyspnea and confusion, which lead to early termination of IL-2 treatment after 61% of the total IL-2 dosage. The patient recovered quickly after IL-2 withdrawal. Other reasons for early termination were mental strain and hallucinations after the administration of 94% and 90% of the total IL-2 dose, respectively.
The hospitalization of one patient for 28 days was due to a prolonged recovery period with respiratory distress and rising body temperature without an infectious focus, alleviated by pleurocentesis and treated with antibiotics, respectively. The remaining five patients had uncomplicated recovery periods. Patients had expected need of correction of electrolyte derangements (n = 6), diuretics due to excessive fluid (n = 5) and increased doses of fungal treatment due to oral candidiasis (n = 2).
Clinical efficacy
All patients had stable disease (SD) six weeks after TIL therapy (table 1) 
Antitumor reactivity of expanded T cells
Autologous tumor cell lines (TCL) were established from the transport media in five of ten included patients and four of six treated patients. In the treated patient YT, specific antitumor reactivity in CD4+ TIL was seen in two of six patients against fresh tumor digest (FTD) (4.4% and 9.3% reactive cells) (figure 2). Specific antitumor reactivity in CD8+ TIL was seen in two of six patients, in one patient against TCL alone (1.9% reactive cells) and in another patient against TCL alone (0.5% reactive cells) with increased reactivity after pretreatment of tumor cells with interferon-gamma (IFN-γ) (1.1% reactive cells).
In the INF PROD, specific antitumor reactive CD4+ TIL were seen in four of six patients, with all responding against FTD (0.5-7.3% reactive cells) and one also against TCL + IFN-γ (0.9% reactive cells) (figure 2). Specific antitumor reactivity in CD8+ TIL were seen in five of six patients, with one responding against TCL (1.5% reactive cells), two responding against TCL + IFN-γ (0.8% and 0.9% reactive cells, respectively) and two responding against FTD (0.5% and 0.9% reactive cells). Specific antitumor reactivity in peripheral blood lymphocytes (PBL) was tested in the two patients with the highest overall antitumor reactivity. In general, no significant tumor reactive CD4+ or CD8+ T cells were detectable in PBL before or after treatment (figure 3).
Immune infiltrates and PD-L1 and MHCII expression in tumor tissue
The expression of lymphocyte-activation gene 3 (LAG-3) and programmed cell death protein 1 (PD-1) on infused T-cells point towards a potential risk of inhibitory signaling if the ligands major histocompatibility complex II (MHCII) and programmed death-ligand 1 (PD-L1) were expressed in the tumor. To assess this, multiplex immunohistochemistry (IHC) was performed on the tumor lesions from which TIL were expanded. Figure 4 shows an example of a patient with high and low expression of PD-L1 and MHCII, respectively. Supplementary figure 1 shows representative examples of expression in all patients. The IHC showed a general infiltration of CD4+ T cells (detected as CD3+CD8-cells; >20 average counts/mm 2 ), both cytotoxic (CD3+CD8-TIA-1+) and non-cytotoxic/helper T cells (CD3+CD8-TIA-1-), except in the epithelium from GY1508.11. Cytotoxic CD8+ T-cell (CD3+CD8+TIA-1+) infiltration was generally seen in both epithelia and stroma, except in GY1508.08, and in the epithelia of GY1508.11. Non-cytotoxic CD8+ T-cell infiltration (CD3+CD8+TIA-1-) was generally low and only observed in the stroma of GY1508.01 and GY1508.10). CD8/CD4 T cell ratio was generally low (<1) except in the epithelium in GY1508.10 and in the stroma in GY1508.01 (both >2). PD-L1 expression (>20 average count/mm 2 ) was found in both tumor epithelium and stroma, except in the stroma from GY1508.01 and GY1508.10. PD-L1 + macrophages (PD-L1+CD163+) were found in both epithelium and stroma, except in the epithelium from GY1058.10. Further, MHCII expression (average H-score > 10) was shown in tumor tissue epithelium in four of six patients (except in GY1058.01 and GY1508.08).
Discussion
ACT with TIL using standard preparative lymphodepleting chemotherapy in combination with decrescendo IL-2 stimulation was found feasible for treatment of patients with metastatic ovarian cancer. The full chemotherapy dosage and a median of 97% of the IL-2 dosage were administered. Treatment related side-effects were manageable and similar to those described in patients with metastatic malignant melanoma treated with a similar T-cell therapy regimen 8 .
Three of eleven patients were excluded due to deterioration of their clinical condition.
Previous chemotherapeutic treatment was discontinued prior to inclusion. It is likely that the period without chemotherapeutic treatment may have led to the rapid disease progression seen in some of the patients. G-CSF-mobilized stem cell leukapheresis was strenuous on the majority of patients. The hematopoietic system of all patients recovered without stem cell support. Other studies with previously chemotherapy treated patients, using the same lymphodepleting chemotherapy regimen prior to TIL therapy, have reported similar findings 12, [20] [21] [22] . Based on these findings and our own observations, we propose the leukapheresis procedure could be omitted in future clinical trials in a similar setting.
The best clinical response observed was SD with a 23% decrease in target lesions and the longest response period was five months. Since ovarian cancer is a chemotherapy-sensitive cancer, it cannot be ruled out that the lymphodepleting chemotherapy regimen might have contributed to the clinical response observed. Cyclophosphamide has previously been a treatment option for patients with ovarian cancer 23, 24 , although in a different regimen than the one used in this study. Fludarabine has only been tested in patients with ovarian cancer in a few older clinical trials showing no clinical effect 25, 26 . In future studies, evaluation scan in close connection to the lymphodepleting chemotherapy regimen might clarify this.
Notably, only one of six patients progressed due to regrowth of target lesions while prolonged response in individual target-and/or non-target lesions were observed in the remaining five patients, all of which progressed solely due to the occurrence of new lesion(s).
During the course of tumor evolution and dissemination, different subclones might arise and give rise to tumor heterogeneity and varying degrees of resistance to anticancer therapies 27 .
The observation that treatment failure generally was due to occurrence of new lesions indicates partial responsiveness to TIL therapy and points towards the emergence of TIL therapy resistance during continued subclonal evolution.
To our knowledge, TIL therapy in gynecological (cervical) cancers has only been reported with success in one study using selected TIL 12 . Treatment with unselected TIL has previously been successful in malignant melanoma [8] [9] [10] . It is possible that the lower somatic mutational load in ovarian cancer compared to malignant melanoma 28 and resulting fewer potential neoantigens for the immune system to recognize 29 , limits the chance of successful immune therapy.
In regards to TIL production, the REP expansion fold and total number of cells in the INF PROD were lower compared to our previous clinical trial in malignant melanoma 8 Specific antitumor reactivity was seen more frequently in the INF PROD compared to YT for both CD4+ cells and CD8+ cells, but specific tumor reactivity could not be detected in PBL after treatment. This is in line with the observed association between lack of a persistent clinical response in malignant melanoma when antitumor reactive T cells were not established in PBL 8 . In the INF PROD we found a predominantly high expression of LAG3, especially on CD8+ cells, as well as a varying degree of PD-1 expression.
Tumor samples for TIL preparation were examined by IHC and we observed a general infiltration of CD4+ TIL and CD8+ cytotoxic TIL, with a CD8+/CD4+ ratio below 1.
Furthermore, substantial expression of PD-L1 and MHCII was found in most tumor tissue samples.
T-cell activation, proliferation and effector functions can be regulated through several immune checkpoint pathways. We found high LAG-3 and some PD-1 expression in the INF PROD T cells and PD-L1 and MHCII expression in most tumors. As PD-1/PD-L1 and LAG3/MHCII interaction is known to lead to inhibition of T cells this could potentially limit anti-tumor efficacy of the infused TIL. Surpassing negative regulation by use of checkpoint inhibitors is well known 30 . Thus one way of increasing the clinical efficacy of TIL therapy in ovarian cancer could be combination therapy with checkpoint inhibitors. In support of this idea, TIL in ovarian cancer tumor models have been shown to express both surface CTLA-4 and PD-1 and blockade of both led to reversal of CD8+ TIL dysfunction and tumor regression 31 . CTLA-4 blockade in ovarian cancer in a clinical setting has only been scarcely investigated 32, 33 while a phase II study showing promising tolerability and clinical efficacy of PD-1 blockade in ovarian cancer was recently published 34 . Another study has found that the majority of tumor-derived CD8+ T cells from ovarian cancer patients express PD-1 and that LAG-3+PD-1+ T cells accumulate at in ovarian tumors. Also, they found dual blockade of PD-1 and LAG-3 lead to an increased frequency and effector function of NY-ESO-1-specific CD8+ T cells 35 . Therefore, LAG-3 could be another potential target of interest.
In conclusion, in this pilot study we have shown that TIL therapy in combination with a decrescendo IL-2 regimen in patients with metastatic ovarian cancer is feasible with manageable toxicity. Clinical indications of treatment benefits were seen, but mainly transient. Clinical efficacy might be potentiated through combination therapy targeting immune checkpoint triggered inhibition. To this end, at our center a phase I trial investigating TIL therapy in combination with Ipilimumab and Nivolumab is ongoing (NCT03287674).
Patients and Methods
Patients
Patients aged 18-70 years with histologically verified high grade serous adenocarcinoma and metastatic OC, were eligible to enter the study. All patients had progressive platinumresistant disease accessible for surgery, acceptable organ functions, an eastern cooperative oncology group (ECOG) performance status of ≤ 1. Patients with brain metastases, severe comorbidities or -allergies, active autoimmune diseases, treatment with immunosuppressive or experimental drugs or other malignancies within the past five years were excluded.
Study Design
The study was conducted as a pilot study treating six patients (ClinicalTrials.gov Identifier: NCT02482090). The primary endpoints were tolerability and feasibility. Secondary endpoints were to assess objective responses (OR) and immune responses. OS and PFS were also described. The study was conducted in accordance with the Helsinki Declaration and approved by the National Committee on Health Research Ethics, the Danish Data Protection Agency and the Danish Medicines Agency. Informed consent was obtained from each patient.
Treatment
Surgical removal of tumor tissue (≥ 1 cm 3 ) for TIL expansion was followed by G-CSF (Filgrastime 0.1 mg/kg) mobilized leukapheresis with the purpose of harvesting ≥ 2 x 10 6 autologous hematopoietic stem cells (HSC) for cryopreservation. TIL therapy consisted of lymphodepleting chemotherapy (Cyclophosphamide 60 mg/kg, day -7 and -6 and Fludarabine 25 mg/m 2 , day -5 to -1) as described in previous studies 8, 36 . TIL was administered as a single intravenous infusion on day 0 and was followed by IL-2 in accordance with the decrescendo regimen (18 MIU/m 2 for 6, 12 and 24 hours followed by 4.5 MIU/m 2 for 24 hours for up to three days, maximum dose 135 MIU) 37 . IL-2 administration was terminated if unacceptable toxicities occurred. Patients were monitored daily with clinical examination and biochemical blood tests. Blood tests for immunological monitoring were collected before leukapheresis, at hospitalization (day -8), at the time of discharge and at subsequent evaluations (see below).
All patients received prophylactic antibiotics and antiemetics as described in earlier studies 8, 36 . Platelet and red blood cell transfusions were given when clinically indicated.
Evaluation
Toxicity was assessed using the common terminology criteria for adverse events (CTCAE) 
Generation of TIL
Tumor fragments were processed and TIL expanded according to previously published methods 38, 39 . Briefly, 1-2 mm 3 tumor fragments (48 in total) were placed into 24-well plates to initiate the REP using a dynamic expansion platform as previously described 38 . At day 14, TIL were harvested and transferred to a 400 mL infusion bag in a suspension of sodium chloride with 2.5% albumin. Sterility testing and microbiological control were performed on all TIL cultures before REP or cryopreservation and before infusion.
Generation of tumor cell lines
TCL were generated from the tumor specimens transport media or released after mechanical disaggregation of fragments. The TCL were cultured in R10 medium (RPMI-1640 with GlutaMAX, 25 mM HEPES pH 7.2, 100 U⁄mL Penicillin, 100 μg⁄mL Streptomycin and 10% fetal bovine serum (FBS) (Gibco, Naerum, Denmark). Solu-Cortef (hydrocortisone sodium succinate) (the local hospital pharmacy) 500 ng/mL was added to R10, the first month of establishing the TCL. Furthermore, enzymatically digested fresh tumor fragments, called fresh tumor digest (FTD), containing all cells present in the tumor microenvironment, were cryopreserved for later use. Tumor reactivity was tested against both autologous TCL, with-or without pretreatment with IFN-γ when available, and against FTD as described previously 16 . Briefly, TIL were cocultured with target cells for 5 hours at 37°C, 5% CO2 in effector:target ratio 3:1 together with Golgiplug and CD107a BV421 antibody (BD bioscience, New Jersey, United States). All cells were analyzed using a FACS canto II instrument (BD bioscience, New Jersey, United States) equipped with FACS Diva 8.0 software, as previously described 16 .
Immunological analysis
Multi-color immunohistochemistry and multi-color immunofluorescence
Unless stated otherwise, all reagents were obtained from Biocare Medical (Pacheco, CA). To stain for the PD-L1/CD163/PD-1 combination slides were first deparaffinized through xylene and graded alcohols to water then subjected to antigen retrieval with Diva Decloaker in a Biocare decloaking chamber at 110 0 C for 15 minutes. Slides were then loaded into a Biocare Intellipath FLX autostainer. First Peroxidased-1 was applied for 5 minutes followed by Background Sniper for 10 minutes to block non-specific staining. Then a cocktail of PD-L1 (clone SP142, Spring Bioscience, Pleasanton, CA) and CD163 (clone 10D6, Biocare) in Da Vinci Green diluent was added for 30 minutes followed by MACH2 Double Stain # 1
Polymer for 30 minutes. The signal was then detected by adding IP Ferangi blue for 8 minutes followed by IP DAB chromogen for 5 minutes. Slides were then removed from the stainer and subjected to denaturation at 50 0 C for 45 minutes in a SDS-glycine pH2.0 solution as per Pirici et al (PMID: 19223296). Slides were then reloaded onto the Intellipath FLX and incubated with PD-1 (clone EPR4877(2), Abcam) in Da Vinci Green diluent for 30 minutes followed by MACH2 Rabbit-AP Polymer for 30 minutes then IP Warp Red Chromogen for 7 minutes. Slides were then counterstained with a 1:5 dilution of CAT hematoxylin, rinsed, air-dried and coverslipped with Ecomount.
The overall process for staining the TIA-1/CD8/CD3 panel was similar however in the first round of staining TIA-1 (clone TIA-1, Biocare) was diluted in Da Vinci Green diluent and applied to the slides for 30 minutes followed by 30 minutes with MACH2 Mouse-AP polymer and 8 minutes with IP Ferangi Blue chromogen. In the second round of staining a cocktail of CD8 (clone C8/144B, Cell Marque, Rocklin, CA) and CD3 (clone SP7, Spring Bioscience) in Da Vinci Green diluent was added for 30 minutes followed by MACH2 Double Stain #1 polymer for 30 minutes, then IP Warp Red Chromogen for 8 minutes and Hi Def Yellow Chromogen (Enzo, Farmingdale, NY) for 10 minutes. Slides were then counterstained, rinsed, air-dried and coverslipped as described.
For the MHCI/MHCII/IDO-1 panel multi-color immunofluorescence was applied using OPAL reagents from Perkin Elmer (Waltham, MA). Manufacturer instructions were followed for the overall protocol with HLA Class I A,B,C (clone EMR8-5, MBL, Woburn, MA) on OPAL520 in round 1, HLA-DP,DQ,DR (clone CR3/43, Affinity Bioreagents, Golden, CO) on OPAL650 in round 2 and IDO-1 (clone SP260, Spring Bioscience) in round 3 on OPAL570. Appropriate MACH2 polymers from Biocare were used after the primary antibody.
Imaging and staining
Slides were imaged using a Vectra 2 Multispectral Imaging system (Perkin Elmer). 10 20X images per slide were collected that had 90% of any type of tissue in the field of view. The im3 files generated were opened in inForm image analysis software (Perkin Elmer) and algorithms constructed to phenotype the various cell types of interest. For the MHCI/MHCII/IDO-1 panel, the H score function was used to score each marker. For each panel 5 algorithms were constructed and the resulting data visually validated to ensure accuracy.
Statistical analysis
Descriptive statistics were used to assess immunological and clinical response rates, duration of response and patient characteristics. OS and PFS were determined as time from TIL infusion to death or progressive disease, respectively, or time to last follow-up (July 18 th 2017). Supplementary figure 1 : Multiplex immunohistochemistry of tumor samples used for TIL expansion. Images of tumor slides were selected to accurately depict the described findings. Color schemes of the selected panels were as follows. A, stained for PD-1 (blue), PD-L1 (red) and CD163 (green). B, stained for MHCII (red) and DAPI (blue). C, stained for CD3 (red), CD8 (green) and TIA-1 (blue). Hyponatremia   3  3  3  3  3  3  6   Hypophosphatemia   3  3  3  3  3  5   Hypokalemia   3  3  3  3 Analyses where performed on frozen INF PROD samples causing a discrepancy in the percentage of CD3+CD4+ cells and CD3+CD8+ compared to analyses performed on fresh INF PROD. The median discrepancy was within 10% which can be expected when comparing fresh and frozen samples.
S1: Supplementary
Abbreviations: ID = Identification, INF PROD = Infusion product.
